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1
SWITCH RELAY DEVICE

TECHNICAL FIELD

The present invention relates to a switch relay device, and
more particularly, to a switch relay device which 1s used as

an e¢lectronic relay that drives electronic components
mounted on an automobile.

BACKGROUND ART

Recently, various electrical and electronic components are
mounted on an automobile to improve reliability of com-
ponents and provide a variety of conveniences to users. As
such, since the electrical and electronic components have a
lot of aflirmative aspects, a portion which the electrical and
clectronic components account for i the automobile 1is
increasing gradually. An electronic relay that 1s an electronic
component exhibits excellent characteristics, such as high
reliability, rapid response, miniaturization and compactness,
and mechanical non-vibration, and thus will quickly replace
a mechanical relay 1n the near future.

The electronic relay receives a control signal in the form
of a direct current (DC) signal or a pulse width modulation
(PWM) signal and outputs a switching control signal 1n the
form of a direct current (DC) signal or a pulse width
modulation (PWM) signal for application to a load such as
a motor. An electronic relay put on the market 1s 1mple-

mented as a semiconductor switch in the form of an IC chip
(hereafter, referred to as ‘semiconductor switch relay IC
chip’).

The semiconductor switch relay IC chip available on the
market entails a problem 1n that since the IC chip 1s typically
implemented 1n the form of an integrated IC chip, 1t has a
limitation 1n being mounted on various loads of a vehicle
due to 1ts actually low use current. The semiconductor
switch relay IC chip implemented in the form an integrated
IC chip must output a current of at least 20 A to 30 A 1n order
to replace an existing mechanical relay that operates a load
within a vehicle, but 1t has a limitation 1n operating a load
such as a motor due to 1ts actually low operating current. In
addition, since such a semiconductor switch relay IC chip
does not have a microcontroller unit (MCU) (heremafter,
referred to as ‘micom’) built therein, precise signal detection
and various responses according to loads are diflicult.

Therefore, in the case where an existing semiconductor
switch relay IC chip 1s used to drive a load such as a motor
included 1n a vehicle, a user suffers from an inconvenience
of having to additionally install a separate driving circuit,
leading to an increase in the manufacturing cost. Further,
since the semiconductor switch relay IC chip does not have
a micom built therein, 1t has a difliculty in controlling the
operation and speed of the motor, detect current, and the
like.

(Prior Art Patents) Korean Patent Registration No.
10-09954835

DISCLOSURE OF INVENTION

Technical Problem

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art,
and 1t 1s an object of the present invention to precisely
control a load output signal. Another object of the present
invention 1s to control a load without a separate driving
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circuit. Still another object of the present invention 1s to
simplity the structure of a circuit that controls a load.

Technical Solution

To achieve the above object, 1n one aspect, the present
invention provides a switch relay device including: a switch-
ing control unit for determining a duty value depending on
the kind of a control mput signal inputted thereto and
generating a first switching control signal and a second
switching control signal whose phases are opposite to each
other; a switching drive signal generation unit for generating
a switching drive signal through R-C charge and discharge
in response to the first switching control signal and the
second switching control signal applied thereto from the
switching control unit; a load output signal generation unit
for recerving the switching drive signal from the switching
drive signal generation unit and outputting a load output
signal; and a constant voltage unit connected to a battery
disposed 1n a vehicle to supply power to the switching drive
signal generation unit and the load output signal generation
umit and configured to provide a constant voltage to the
switching control unait.

In the switch relay device, the load output signal genera-
tion unit may be implemented as a first FE'T as a FET device,
the first FET including a drain for receiving a power voltage
from the battery, a gate for receiving a switching drive signal
from the switching drive signal generation unit, and a source
for outputting the load output signal to a load.

In the switch relay device, the control input signal mput-
ted to the switching control unit may be any one of a DC
signal, a PWM signal, a high signal, and no signal, and the
switching control unit may generate the first switching
control signal and the second switching control signal whose
phases are opposite to each other depending on the input
control signal inputted thereto.

In the switch relay device, the switching control unit may
separately generate a third switching control signal in the
form of a PWM signal, the third switching control signal
having a duty value fixed irrespective of the control input
signal.

In the switch relay device, 1f the switching control unit
receives a DC control input signal, 1t may generate a second
switching control signal in the form of PWM of a positive
phase having a duty value in proportional to a level value of
the DC signal, and a first switching control signal 1n the form
of PWM of a negative phase having a duty value 1n
proportional to a level value of the DC signal.

In the switch relay device, 11 the switching control unit
receives a PWM control input signal, 1t may generate a
second switching control signal in the form of PWM of a
positive phase having the same duty value as that of the
PWM signal, and a first switching control signal in the form
of PWM of a negative phase with respect to the PWM signal.

In the switch relay device, 1f the switching control unit
receives a high control input signal, 1t may generate a second
switching control signal having a high value of “1” and a
first switching control signal having a low value of “0”.

In the switch relay device, in case of a ‘no signal’ state
where no control mput signal 1s mputted to the switching
control unit for a given time period, the switching control
unit may perform a switching operation in which between
the constant voltage unit and the switching control unit 1s
opened to cause the operation of the constant voltage unit to
be stopped.

In the switch relay device, the switching drive signal
generation unit may include: a first charge and discharge
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module for recetving the power voltage from the battery, the
first charge and discharge module being an integration
circuit consisting of a first resistor R1 and a first capacitor
C1; a first diode D1 disposed between the first charge and
discharge module and the battery; a first switch for switching
on/ofl whether to discharge the switching drive signal input-
ted to the gate of the first FET 1n response to the first
switching control signal inputted thereto from the switching
control unit; a second switch for receiving a second switch-
ing control signal having a phase opposite to that of the first
switching control signal from the switching control unit and
performing a switching on/off operation in the opposite
manner to that of the first switch 1n response to the second
switching control signal; and a load output drive signal
on/ofl module for adjusting a time constant of the first
charge and discharge module to control the output of the first
FET of the load output signal generation unit.

In the switch relay device, the load output drive signal
on/ofl module may 1include: a second FET comprising a
source that 1s connected to the source of the first FET, a gate
that receives the third switching control signal from the
switching control unit, and a drain that 1s connected to the
other end of the first charge and discharge module; and a
third FE'T comprising a drain that 1s connected to a node
between the other end of the first charge and discharge
module and the drain of the second FET, a gate that receives
the third switching control signal from the switching control
unit, and a source that 1s connected to a ground.

In the switch relay device, the switching drive signal
generation unit may further include: a second charge and
discharge module implemented as an integration circuit that
1s connected at one end thereof to a node between the first
diode D1 and the first charge and discharge module and 1s
connected at the other end thereof to the gate of the first FET,
and consists of a second resistor R2 and a second capacitor
C2 that are connected 1n parallel with each other; and a fifth
diode that 1s disposed between the node between the first
charge and discharge module and the first diode D1 and the
gate of the first FET Q1, the fifth diode having an anode
connected to the node between the first diode and the first

charge and discharge module and a cathode connected to the
second charge and discharge module, wherein the load
output drive signal on/ofl module may adjust a time constant
of the second charge and discharge module along with the
adjustment of the time constant of the first charge and
discharge module to control the output of the first FET of the
load output signal generation unit.

In a preferred embodiment, the switch relay device may
turther include: an overcurrent monitoring module for moni-
toring a voltage to be applied to the switching control unait,
and detecting whether or not an overcurrent exceeding a
predetermined range tlows into the switching control unit; a
surrounding state monitoring module for monitoring the
supply voltage of the battery, the surrounding temperature,
and the control input signal, and an input and output
monitoring module for monitoring whether a difference
between the control mput signal and the load output signal
1s within a normal range.

In the switch relay device, the overcurrent monitoring
module may include: a shunt resistor disposed between the
drain as an mput terminal of the first FET and the battery; a
current detector for detecting a current tlowing in the shunt
resistor; and a low pass filter for filtering the current detected
by the current detector and providing the filtered current to
the switching control unait.
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In the switch relay device, the current detector may
compensate a value of the current detected by the shunt
resistor using the measured surrounding temperature.

In the switch relay device, the low pass filter may include:
a first low pass filter having a predetermined maximum
current value as a first filtering reference value; and

a second low pass filter having a predetermined overcur-
rent value as a second filtering reference value.

In the switch relay device, 1f a value of the current
detected by the current detector 1s a current value exceeding
the first filtering reference value and the second filtering
reference value, the switching control unit may generate the
first switching control signal and the second switching
control signal as error pulse signals to output them.

Advantageous Eflects

The switch relay device according to the embodiment of
the present invention having the configuration as described
above have the following advantageous eflects.

A plurality of switching control signals 1s generated
depending on the kind of the control mput signal, so that a
precise control of the load output signal can be performed.
In addition, a load can be driven using a pulse width
modulation (PWM) scheme or a self-drive scheme even
without additionally providing a separate circuit by adopting
a micom, thereby reducing the manutfacturing cost. Further,
overvoltage and overcurrent can be precisely detected and
controlled unlike an existing relay, thereby ensuring so that
the lifespan and stability of a variety of kinds of loads. Since
the 1nventive switch relay device employs a non-contact
scheme, there 1s no noise and iriction so that the lifespan of
the relay 1tself can be extended semi-permanently. In addi-
tion, a deviation of the resistance value of the shunt resistor
according to the temperature can be compensated to increase
a precision of the current measurement. Moreover, if there 1s
no control input signal inputted to the switching control unit
for a given time period, the switching control unit enters a
power saving mode so that unnecessary power consumption
of the battery can be prevented. Besides, when the tempera-
ture coellicient compensation 1s performed at two different
temperatures, the current measurement can be more pre-
cisely carried out. Pulse signals with various patterns are
outputted for the purpose of a load protection and a seli-
circuit protection under the conditions such as overvoltage,

overcurrent, high temperature and the like so that the output
voltage can be stably controlled. As such, when a precise
control conforming to the load 1s performed, the necessity of
a separate driving circuit used 1n an existing relay 1s elimi-
nated.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be apparent from the following
detailed description of the preferred embodiments of the
invention 1 conjunction with the accompanying drawings,
in which:

FIG. 1 1s a diagrammatic view illustrating a device that
drives a load such as a motor (M) using an electronic relay
(E-Relay) according to an embodiment of the present inven-
tion;

FIG. 2 1s a conceptual block diagram 1llustrating a switch
relay device according to an embodiment of the present
invention;



US 9,515,551 B2

S

FIG. 3 1s a circuit diagram 1illustrating a semiconductor
switch relay device according to an embodiment of the

present mvention;

FIG. 4 1s a graph illustrating an example of a switching
control signal having different duty values according to a DC
control mmput signal according to an embodiment of the
present mvention;

FIG. 5 1s a wavetorm diagram illustrating an example of
a switching control signal outputted 1n response to a PWM
control mput signal according to an embodiment of the
present invention;

FIG. 6 1s a wavelorm diagram illustrating an example of
a switching control signal outputted in response to a high
control mput signal according to an embodiment of the
present mvention;

FIG. 7 1s a timing chart illustrating a detected current
(detection current) that exceeds an overcurrent and a maxi-
mum current according to an embodiment of the present
invention;

FIG. 8 1s a graph 1llustrating a deviation of a resistance
value of a shunt resistor according to a temperature; and

FIG. 9 1s a flowchart 1llustrating a process of compensat-
ing a detected current value measured by a shunt resistor
according to an embodiment of the present invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Now, preferred embodiments of a semiconductor power
switch for a vehicle according to the present invention waill
be described hereinafter 1n detaill with reference to the
accompanying drawings. However, the present mnvention 1s
not limited to embodiments disclosed below, but may be
implemented 1n various different form. Embodiments are
provided only for illustrative purposes and for full under-
standing of the scope of the present invention by those
skilled in the art.

FIG. 1 1s a diagrammatic view 1llustrating a device that
drives a load such as a motor (M) using an electronic relay
(E-Relay) according to an embodiment of the present inven-
tion.

An electronic relay (E-Relay) recerves a control input
signal DC or PWM 1n the form of a direct current (DC)
signal or a pulse width modulation (PWM) signal, and
outputs a PWM or DC load output signal. That 1s, the
clectronic relay (E-Relay) receives the control mput signal
and outputs PWM or DC load output signal for application
to a motor M as a load. The motor 1s driven in response to
the load output signal applied thereto.

In the embodiment of the present invention, 1 allowing
the electronic relay to output the DC or PWM load output
signal, a plurality of switching control signals are produced
using a microcontroller unit IMCU) (hereinafter, referred to
as ‘micom’) to output a precise load output signal. In
addition, load output signals according to various errors are
outputted through the monitoring of an overcurrent, a sur-
rounding state, and iput and output signals. To this end, the
clectronic relay 1s implemented as a semiconductor switch 1n
the embodiment of the present invention. The switch type
clectronic relay according to the embodiment of the present
invention 1s hereinafter referred to as a switch relay device.
The switch relay device can be implemented as a single IC
semiconductor chip, and may be implemented as another
circuit means.

FI1G. 2 1s a conceptual block diagram illustrating a switch
relay device according to an embodiment of the present
invention, and FIG. 3 1s a circuit diagram 1llustrating a
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6

semiconductor switch relay device according to an embodi-
ment of the present invention.

The switch relay device includes a switching control unit
100, a load output signal generation unit 200, a switching
drive signal generation unit 300, and a constant voltage unit
400. The load output signal generation unit 200, the switch-
ing drive signal generation unit 300, and the constant voltage
umt 400 receive electric power from a battery 500 of a
vehicle.

The constant voltage unit 400 receives power from the
battery 500 of the vehicle and generates a constant voltage
for application to the switching control umt 100. For
example, the constant voltage unit 400 1s supplied with a
power voltage (e.g., 12V) from the battery 500, and converts
the power voltage into a constant voltage (e.g., 5V) for
application to the switching control unit 100. In addition, the
constant voltage unit 400 1includes an enable terminal so that
when a signal 1s inputted to the enable terminal, the constant
voltage umt i1s driven to be switched on, whereas the
constant voltage unit 1s driven to be switched ofl when an
enable signal 1s not inputted to the enable terminal. Further,
the constant voltage unit 400 includes a third switch SW3
that 1s disposed between the enable terminal of the constant
voltage unit and an enable terminal of the switching control
unmit to interconnect the enable terminal of the constant
voltage unit and the enable terminal of the switching control
unit. The switching control unit 100 determines whether or
not an enable signal thereof 1s applied to the enable terminal
of the constant voltage unit depending on the on/off opera-
tion of the third switch. The third switch SW3 1s controlled
by the switching control unit 100. If there 1s no a control
input signal applied to the switching control unit 100 for a
given time period, the switching control unit 100 turns off
the third switch SW3 to stop the operation of the constant
voltage unit 400. The operation of the constant voltage unit
400 1s stopped to cause the constant voltage of constant
voltage unit 400 to stop the operation of the switching
control unit 100, ultimately to stop the operations of the load
output signal generation unit 200 and the switching drive
signal generation unit 300, so that unnecessary power con-
sumption of the battery can be significantly reduced.

The constant voltage unit 400 1s configured such that it
directly receives the control input signal through the enable
terminal thereof in parallel with the third switch SW3, so
that when the control mput signal 1s again applied thereto
normally, the constant voltage unit 400 can be driven again
normally.

The load output signal generation unit 200 receives a
switching drive signal from the switching drive signal
generation unit 300 and outputs a PWM load output signal
for application to a load such as a motor.

The load output signal generation unit 200 can be 1mple-
mented as various switching devices. As shown 1n FIG. 3, 1f
the switching device 1s implemented as a first FET Q1 as a
field efect transistor (FET), a drain D of the first FET 1s used
as an put terminal so as to be connected to the battery 500,
a gate G of the first FET 1s used as a control terminal so as
to receive a switching drive signal from the switching drive
signal generation unit 300, and a source of the first FET 1s
used as an output terminal so as to generate a load output
signal for application to a load such as a motor included 1n
a vehicle.

The switching control unit 100 determines a duty value
depending on the kind of the control mput signal and
generates a first switching control signal and a second
switching control signal whose phases are opposite to each
other. To this end, the switching control unit 100 1s 1mple-
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mented as a micom that enables calculation and analysis
such as a micro controller unit (MCU).

The control mmput signal that can be inputted to the
switching control unit 100 includes the following four
signals: a DC signal, a PWM signal, a high signal, and no
signal. The switching control unmit 100 outputs the first
switching control signal and the second switching control
signal that are different 1n duty values and phase values from
cach other depending on each control mput signal. In the
case where there 1s a control mput signal mputted to the
switching control unit 100, if the switching control unit 100
determines the control input signal 1s the DC signal through
analysis, 1t outputs a switching control signal after adjusting
a PWM duty value of the switching control signal depending
on a voltage level value. On the other hand, if the switching
control umt 100 determines the control mput signal i1s the
PWM signal, 1t outputs a switching control signal having the
same PWM duty value as that of the switching control
signal. In addition, 1f the switching control unit 100 deter-
mines the control input signal 1s the high signal, it outputs
the same high signal as the high signal or a low signal as the
switching control signal, which will be described hereinai-
ter.

The DC signal 1s a signal having a DC voltage value with
a constant level, and the switching control unit generates a
switching control signal having a different PWM duty value
depending on a level value of the DC signal. As the level
value of the DC signal 1s larger, the switching control unit
outputs a PWM signal having a larger duty value as the
switching control signal. In addition, the switching control
unit outputs a plurality of switching control signals such that
respective switching control signals are different from each
other depending on the iput control signal.

The operation of outputting the switching control signal
from the switching control unit will be described hereinafter
in detail with reference to FIG. 4.

FIG. 4 1s a graph illustrating an example of a switching
control signal having different duty values according to a DC
control mput signal according to an embodiment of the
present invention. FIG. 4(a) 1s a graph illustrating a duty
value of the switching control signal according to a DC level
value of the control mnput signal, and FIG. 4(b) 1s a graph
illustrating a switching control signal (PWM) employing a
duty value according to a DC level value of the control input
signal.

Referring to FIG. 4, 11 a level of an input DC voltage 1s
‘A, the switching control unit 100 outputs a second switch-
ing control signal (output PWM2) in the form of PWM of a
positive phase having a duty value (output PWM Duty) of a
width ‘a’ to a second switch of the switching drive signal
generation unit 300, and outputs a first switching control
signal (output PWM1) of a negative phase to a first switch
of the switching drive signal generation unit 300. In addi-
tion, as can be seen from FIG. 4, a level of an mput DC
voltage 1s ‘B’ larger than ‘A’, the switching control unit 100
outputs a second switching control signal (output PWM2) 1n
the form of PWM of a positive phase having a duty value of
a width ‘b’ larger than a width ‘a’ to the second switch of the
switching drive signal generation unit 300, and outputs a
first switching control signal (output PWM1) of a negative
phase to the first switch of the switching drive signal
generation unit 300. Likewise, as can be seen from FIG. 4,
a level of an 1nput DC voltage 1s ‘C’” larger than ‘B’, the
switching control unit 100 outputs a second switching
control signal (output PWM2) 1n the form of PWM of a
positive phase having a duty value of a width ‘¢’ larger than
a width ‘b’ to the second switch of the switching drive signal
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generation unit 300, and outputs a first switching control
signal (output PWM1) of a negative phase to the first switch
of the switching drive signal generation unit 300. In addi-
tion, as can be seen from FIG. 4, a level of an 1nput DC
voltage 1s ‘D’ larger than ‘C’, the switching control unit 100
outputs a second switching control signal (output PWM2) 1n

the form of PWM of a positive phase having a duty value of
a width ‘d’ larger than a width ‘¢’ to the second switch of the

switching drive signal generation unit 300.

If a PWM signal as a control input signal 1s inputted to the
switching control unit 100, the switching control umt 100
outputs a switching control signal having the same duty
value as that of the control mnput signal. In other words, as
shown 1 FIG. 5, If a control mput signal (input PWM)
having a duty value of a width ‘a’ 1s inputted to the switching
control unit 100, the switching control unit 100 outputs a
second switching control signal (output PWM2) 1n the form
of PWM of a positive phase having the same duty value
(output PWM Duty) as that of a width ‘a’ to the second
switch of the switching drive signal generation unit 300, and
simultaneously outputs a first switching control signal (out-
put PWM1) 1n the form of PWM of a negative phase to the
first switch of the switching drive signal generation unit 300.

If the control mput signal has a predetermined DC level
value (for example, DC value of “17°), the switching control
umt 100 recognizes the control nput signal as a high signal
and outputs a second switching control signal (output
PWM2) having a high value to the second switch of the
switching drive signal generation unit 300, and simultane-
ously outputs a first switching control signal (output PWM1)
having a low value of “0” to the first switch of the switching
drive signal generation unit 300 as shown in FIG. 6. In case
of a ‘no signal’ state where no control input signal 1s inputted
to the switching control unit 100 for a given time period, the
switching control unit 100 turns off the third switch SW3 to
perform a switching operation in which between the con-
stant voltage unit 400 and the switching control unit 100 1s
opened to cause the operation of the constant voltage unit to
be stopped. When there 1s no control input signal mputted to
the switching control unit 100, the switching control unit
100 controls the constant voltage unit 400 to be disabled so
that the unnecessary power consumption of the battery can
be prevented. If a control input signal 1s again mputted to the
switching control unit 100, the constant voltage unit 400 1s
cnabled to supply a constant voltage of 5V to the switching
control unit 100.

In the meantime, the switching control unit 100 outputs a
third switching control signal (output PWMa3) 1n the form of
PWM, which has a separate fixed duty value besides the first
switching control signal and the second switching control
signal, which has been described above. The third switching
control signal, which 1s a PWM signal having a fixed duty
value without being affected by the control mput signal, 1s
supplied to a load output drive signal on/off module 330. The
third switching control signal 1s used for R-C charge and
discharge, 1.e., charge or discharge of a first charge and
discharge module 310 and a second charge and discharge
module 320.

As described above, the switching control unit 100 out-
puts first and second switching control signal which are
different 1n phase from each other depending on the kind of
the control mput signal, 1.¢., a DC signal, a PWM signal, and
a high signal. To this end, the switching control unit 100 1s
required to analyze and grasp the pattern of the control input
signal iputted thereto for a predetermined time period. For
this purpose, the switching control unit 1s preferably imple-
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mented as a microcontroller unit (MCU) (heremnaftter,
referred to as a ‘micom’) enabling calculation.

Meanwhile, the switching drive signal generation unit 300
includes a first switch SW1, a second switch SW2, a load
output drive signal on/ofl module 330, a first charge and
discharge module 310, and a first diode D1. The switching
drive signal generation unit 300 may further include a
second charge and discharge module 320 and a fifth diode
D5, 1f necessary.

The first switch SW1 switches on/oil whether to discharge
a switching drive signal inputted to a gate of the first FE'T Q1
ol the load output signal generation unit 200 in response to
a first switching control signal inputted thereto from the
switching control unit 100. The first switch SW1 1s a switch
that 1s switched on (i.e., short- Clrcmted) when the 1nput
signal 1s high. The first sw1tch SW1 recerves a first switching
control signal 1 the form of PWM from the switching
control unit 100 and 1s switched on/off (1.e., short-circuited/
opened) in response to the first switching control signal. The
first switch SW1 1s connected at one end thereof to the gate
of a control terminal of the first FET Q1 of the load output
signal generation umt 200, and 1s connected at the other end
thereol to the ground GND. When the first switch SW1 1s
switched on (1.e., short-circuited), the PWM switching drive
signal inputted to the control terminal (i.e., gate) of the first
FET Q1 tlows to the ground so that the first switch SW1
serves as a discharge circuit.

The second switch SW2 receives a second switching
control signal having a phase opposite to that of the first
switching control signal from the switching control unit 100
and 1s switched on/ofl in the opposite manner to that of the
first switch SW1 1n response to the second switching control
signal to supply/cut ofl a power voltage from the battery.

The second switch SW2 also 1s a switch that 1s switched
on (1.e., short-circuited) when the 1mput signal 1s high. The
second switch SW2 receives a second switching control
signal 1n the form of PWM from the switching control unit
100 and 1s switched on/ofl (1.e., short-circuited/opened) 1n
response to the second switching control signal. Referring to
FIG. 4 or 6, 1t can be seen that the first switching control
signal (output PWM1) and the second switching control
signal (output PWM?2) have different phases that are oppo-
site to each other. Thus, the second switch SW2 1s driven 1n
the opposite manner to that of the first switch SW1, so that
a loss of current can be prevented. If the first switch SW1
that recerves the first switching control signal 1s switched on,
current flows in the elements such as the first diode D1, a
second resistor R2, and a second capacitor C2 to cause a loss
of current. In this case, 11 the second switching control signal
having the opposite phase to that of the first switching
control signal 1s supplied to the second switch SW2 to cause
the second switch to be switched off to cut off the supply of
the power, so that a loss of current can be prevented.

The load output drive signal on/ofl module 330 adjusts a
time constant (1.e., R-C time constant) of the first charge and
discharge module 310 to control the output of the first FET
Q1 of the load output signal generation unit 200. If the
switching drive signal generation unit 300 further includes
the second charge and discharge module 320, the load output
drive signal on/off module 330 can also adjust a time
constant (1.e., R-C time constant) of the second charge and
discharge module 320 together with the adjustment of the
time constant of the first charge and discharge module 310
to control the output of the first FET Q1 of the load output
signal generation unit 200. In thus embodiment, 1t will be
described hereinatfter that the switching drive signal genera-
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310 and the second charge and discharge module 320. The
load output drive signal on/ofl module 330 adjusts a charge
and discharge time constant of the first charge and discharge
module 310 and the second charge and discharge module
320 to adjust the on/ofl drive of the first FET Q1 of the load
output signal generation unit 200. The load output drive
signal on/off module 330 i1ncludes a second FET Q2 and a
third FET Q3 that are connected 1n series, so that the second
FET Q2 and the third FET Q3 receive a third switching
control signal simultaneously from the switching control
unit 100.

The second FET Q2 has a source S connected to the
source of the first FET Q1 and a drain D connected to a node
between the first charge and discharge module 310 and a
drain of the third FET Q3. In addition, the second FET Q2
has a gate G that receives the third switching control signal
from the switching control unit 100. The third FET Q3 has
a drain D connected to a node between the other end of the
first charge and discharge module 310 and the drain of the
second FET 2, and a source S connected to the ground
GND. In addition, the third FET Q3 has a gate G that
receives the third switching control signal from the switch-
ing control unit 100.

Thus, the second and third FETs Q2 and Q3 receives the
third switching control signal in the form PWM from the
switching control unit 100 through each of the gates thereof,
and synchronizes a load output signal outputted from the
source of the first FE'T Q1 of the load output signal genera-
tion unit 200 with a charge and discharge cycle of the first
and second charge and discharge modules 310 and 320 to
cause the load output signal to normally flow to the load
such as the motor or to flow to the ground, so that the output
of the first FET Q1 can be precisely controlled.

The first charge and discharge module 310 that receives a
power voltage from the battery 500 1s an integration circuit
consisting of a first resistor R1 and a first capacitor C1,
which are connected in series. The first charge and discharge
module 310 1s an integration circuit for generating a switch-
ing drive signal that operates the gate of the first FET Q1 of
the load output signal generation unit 200. The charge or
discharge of the first capacitor C1 of the first charge and
discharge module 310 1s performed by the switching opera-
tion of the third FET Q3. The first capacitor C1 of the first
charge and discharge module 310 1s connected at one end
thereol to the battery 500 side. But, in this embodiment, the
first capacitor C1 1s connected at one end thereof to the first
diode D1, and 1s connected at the other end thereof to the
first resistor R1. The first resistor R1 1s connected at one end
thereol to the first capacitor C1 and 1s connected at the other
end thereof to the load output drive signal on/ofl module
330.

The first diode D1 1s disposed between the first charge and
discharge module 310 and the battery 500. In this embodi-
ment, more specifically, the first diode D1 1s disposed
between a node between the first charge and discharge
module 310 and the second charge and discharge module
320 and the battery 500. An anode of the first diode D1 1s
connected to the battery 500 side, and more specifically, to
the second switch SW2, and a cathode of the first diode D1
1s connected to the node between first charge and discharge
module 310 and the second charge and discharge module
320.

The second charge and discharge module 320 1s 1mple-
mented as an 1integration circuit that 1s connected at one end
thereol to a node between the first diode D1 and the first
charge and discharge module 310 and 1s connected at the
other end thereot to the gate of the first FET (Q1, and consists




US 9,515,551 B2

11

ol a second resistor R2 and a second capacitor C2 that are
connected 1n parallel with each other. In other words, the
second charge and discharge module 320 1s an integration
circuit for generating a switching drive signal that operates
the gate of the first FET Q1 of the load output signal
generation unit 200, and 1includes the second resistor R2 and
the second capacitor C2 that are connected 1n parallel with
cach other. The second resistor R2 1s connected at one end
thereol to the node between the first diode D1 and the first

charge and discharge module 310 and 1s connected at the
other end thereof to the gate of the first FET Q1 of the load
output signal generation unit 200. The second capacitor C2
1s connected at one end thereof to a node between the second
resistor R2 and the gate of the first FET Q1 and 1s connected
at the other end thereot to the ground GND. In other words,
in the case where the switching drive signal generation unit
300 1ncludes the second charge and discharge module 320,
the second charge and discharge module 320 generates the
switching drive signal that operates the gate of the first FET
Q1 together with the first charge and discharge module 310.

In addition, the switching drive signal generation unit 300
may further include a fifth diode D5 disposed between the
battery 500 and the second resistor R2. The fifth diode D3
1s disposed between the battery 500 and the second resistor
R2, 1.e., between the first charge and discharge module 310
and the second charge and discharge module 320, more
specifically, between the node between the battery 500 and
the first charge and discharge module 310 and the second
charge and discharge module 320. An anode of the fifth
diode D5 1s connected to the node between the first charge
and discharge module 310 and the battery 500, more spe-
cifically, to the node between the first charge and discharge
module 310 and the first diode D1. A cathode of the fifth
diode D5 1s connected to the second resistor R2 of the
second charge and discharge module 320. In the case where
the switching drive signal generation unit 300 includes the
second charge and discharge module 320, the charge opera-
tion of the first capacitor C1 by the conduction of the second
FET Q2 through the fifth diode DS i1s the same, but it 1s
possible to prevent partial discharge of a voltage of the
second charge and discharge module 320 consisting of the
second resistor R2 and the second capacitor C2 through the
first capacitor C1 during the conduction of the third FET Q3.
In addition, a voltage of the integration circuit consisting of
the second resistor R2 and the second capacitor C2 1s
prevented from being partially discharged, thereby ensuring
the more rapid voltage boosting speed than in case of
excluding the fifth diode D5 and enabling the same opera-
tion even though a time constant of the second resistor R2
and the second capacitor C2 1s small.

Hereinafter, an operation will be described 1n which the
switching drive signal generation unit 300 including the first
switch, the second switch, the load output drive signal on/off
module, the first charge and discharge module, and the
second charge and discharge module precisely outputs the
load output signal in response to the switching control
signal.

When the first switch SW1 1s switched off, the charge and
discharge 1s performed by a high signal and a low signal of
a pulse wavelorm, outputted from the drain of the second
FET Q2 and the drain of the third FET Q3, so that a voltage
applied between the gate and the source of the first FE'T Q1
1s maintained through the second resistor R2 and the second
capacitor C2 of the integration circuit. In this state, when the
first switch SW1 1s again switched on, the voltage between
the gate and the source of the first FET Q1 1s discharged
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through the first sw1tch SW1, so that the first FET Q1 1s
switched off to cut ofl the output of the load output signal.

Thus, when the first switch SW1 1s switched ofl, the first
FET Q1 has a given delay time and 1s switched on so that
power can be supplied to the load without any occurrence of
an excessive inrush current or a surge voltage 1n the load.
For reference, if the first switch SW1 1s switched ofl, the first
FET Q1 1s switched on to cause the load output 81gnal to be
applied to the load. If the first switch SW1 1s switched on,
a discharge circuit i1s configured between the gate and the
source of the first FET Q1, so that when a voltage charged
in the first FET 1s discharged, the first FET 1s switched off.

As described above, since the switch relay device of the
present invention 1s configured to recerve the control mput
signal and precisely control the output of the load output
signal 1n response to the control input signal, 1t 1s very
important to correctly process the control input signal. Thus,
the switching control unit includes a function of determiming
whether the control mput signal 1s a PWM signal or a DC
signal or whether or not there 1s a control mput signal
applied to the switching control unait.

Besides, in the embodiment of the present invention, the
switching control unit 100 includes an overcurrent monitor-
ing module 110, a surrounding state monitoring module 120,
an iput and output monitoring module 130 so as to prevent
an erroneous operation of the switch relay device.

The overcurrent monitoring module 110 performs a func-
tion to stabilize current by detecting whether or not an
overcurrent flows into the switching control unit and con-
trolling the output in order to stably control the current of the
load output signal. The overcurrent monitoring module
monitors a voltage being applied from a current detector to
the switching control unit, and detects whether or not an
overcurrent exceeding a predetermined range flows 1nto the
switching control umt. The overcurrent monitoring module
includes a shunt resistor, a current detector, and a low pass
filter (LPF).

The shunt resistor Rs 1s a resistor that has a precise
resistance value used to detect current, and 1s disposed
between the drain as an input terminal of the first FET Q1
and the battery 500.

The current detector 111 performs a function of detecting,
the current flowing into the drain as the input terminal of the
first FET Q1. The current detector 111 can measure a voltage
across the shunt resistor Rs disposed between the drain as
the mput terminal of the first FET Q1 and the battery 500 to
measure the current flowing into the drain of input terminal
of the first FET Q1.

The low pass filter (LPF) 1s a filter that filters the current
detected by the current detector and provides the filtered
current to the switching control unit 100. The low pass filter
includes a first low pass filter LPF1 and a second low pass
filter LPF2 that are connected in parallel with each other.
The first low pass filter LPF1 1s a filter that filters the current
using a maximum current value as a limit value when a
general current flows. That 1s, the first low pass filter LPF1
has a predetermined maximum current value as a first
filtering reference value, so that 1t allows a detected current
value that does not exceed the predetermined maximum
current value (1.e., first filtering reference value) to pass
therethrough and does not allow a detected current value
exceeding the predetermined maximum current value (i.e.,
first filtering reference value) to pass therethrough.

The second low pass filter 1s a filter that 1s used to detect
an overcurrent flowing into the switching control unit. That
1s, the second low pass filter has a predetermined overcurrent
value as a second filtering reference value, so that 1t allows
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a detected current value that does not exceed the predeter-
mined overcurrent value (1.e., second filtering reference
value) to pass therethrough and does not allow a detected
current value exceeding the predetermined overcurrent
value (1.e., second filtering reference value) to pass there-
through. The first and second low pass filters are respec-
tively used to filter the maximum current and the overcurrent
by separating the current into a maximum current (1.e., peak
current) value and an overcurrent (i.e., over current) value so
as to be provided to the switching control unit so that an
instantaneous maximum current or overcurrent can be
detected to respond to the short-circuit 1n case of the current.

If the current value detected by the current detector 1s a
current value exceeding the first filtering reference value and
the second filtering reference value, the switching control
unit generates the first switching control signal and the
second switching control signal as error pulse signals and
outputs them. That 1s, 1I the current value detected by the
current detector exceeds the overcurrent level or the maxi-
mum current level (1.e., peak current level) as shown 1n FIG.
7 depending on two current values inputted to the switching
control unit from the first and second low pass filters, the
switching control unit enters an error mode so that it does
not output the first switching control signal and the second
switching control signal in the form of a general PWM
signal, but outputs an error pulse signal indicating an error
mode. Thus, when an overcurrent or maximum current error
occurs, the switching control unit provides an on/ofl error
pulse signal to the first switch SW1 and the second switch
SW2, so that the current applied to the mput terminal of the
first FE'T can be maintained 1 a specific level or less,
thereby achieving stabilization of the current.

In the meantime, after the current 1s measured using the
shunt resistor Rs, both the self error compensation and the
compensation of a deviation of a temperature coellicient are
required to be performed. As shown in FIG. 8, since the
shunt resistor has 1ts own deviation and has a relationship 1n
which 1ts resistance value 1s proportional to the temperature,
the resistance value of the shunt resistor 1s compensated
using the principle. The compensation process of the shunt
resistor 1s shown 1n FIG. 9. The relationship between the
resistance value of the shunt resistor and the temperature can
be written by the following linear function equation: Y=ax+
b. An inherent deviation 1s obtained at a specific temperature
(e.g., room temperature) and 1s used to compare the current
values by compensating a deviation of the resistance value
of the shunt resistor according to the temperature at the time
ol detection of the current. The deviation of the resistance
value of the shunt resistor can be compensated to measure
the current value more precisely. Such a self error compen-
sation 1s performed by a y axis compensation, and a slope
deviation needs to be compensated to perform a more
precise compensation. Resistance values R1 and R2 are
measured at specific temperatures t1 and t2 to find and
compensate a slope deviation, so that a more precise resis-
tance value can be obtained at the maximum and minimum
temperatures compared to the y axis compensation method.
The compensated data 1s utilized in the change 1n the current
value according to the temperature to contribute to the
accurate measurement of the current value. That 1s, when the
temperature coellicient compensation 1s performed at two
different temperatures, the current can be measured more
precisely.

Meanwhile, a value of the surrounding temperature used
at the time of compensation of the current measured by the
shunt resistor 1s measured by the surrounding state moni-
toring module 120. The surrounding state monitoring mod-

10

15

20

25

30

35

40

45

50

55

60

65

14

ule 120 performs a function of monitoring the surrounding
state besides the measurement of the surrounding tempera-
ture.

More specifically, the surrounding state monitoring mod-
ule 120 performs a state monitoring function in order to
correctly carry out the switching on/ofl operation of a
switch. To this end, the surrounding state momitoring module
monitors the supply voltage of the battery, the surrounding
temperature, and the control mput signal. The surrounding
state monitoring module ensures a correct switching opera-
tion through a power monitoring function of monitoring the
power voltage of the battery and the voltage of the constant
voltage circuit and a function of monitoring whether the
range of the control mput signal 1s within a predetermined
range. For example, 1f the power voltage of the battery and
the voltage of the constant voltage circuit are correctly not
mputted to the switching control unit, the output of the
constant voltage from the constant voltage circuit 1s cut off
through the enable terminal of the switching control unit 100
to prevent an erroncous operation. The surrounding state
monitoring module monitors whether or not a control input
signal of a proper range 1s mputted to the switching control
unit depending on each mmput mode.

In the meantime, the mput and output monitoring module
130 monitors whether a difference between the control input
signal and the load output signal 1s within a normal range
and provides the difference to the switching control unit. If
the control input signal 1s inputted in the form of a PWM or
DC signal to the switching control unit, 1t 1s supplied to a
comparator 131 via level shifter 132. The comparator 131
receives a control mput signal which is level-shifted and a
load output signal which 1s not level-shifted, compares the
levels and timings of the two signals, and provides a result
of the comparison to the switching control unit 200. Then,
the switching control unit 200 can determine whether the
control mput signal 1s normal by receiving a signal indicat-
ing the result of the comparison. As a result of the determi-
nation, 1f a comparison value 1s not within the predetermined
range, the switching control unit determines this to be an
error situation and outputs an error signal to control the
output of the load output signal. For example, the switching
control unit confirms whether or not the load output signal
1s outputted normally by again outputting a load output
signal of 12V.

The embodiments as described above are merely 1llustra-
tive and the invention 1s not limited to these embodiments.
It will be appreciated by a person having an ordinary skill 1n
the art that various equivalent modifications and variations
of the embodiments can be made without departing from the
spirit and scope of the present invention. Therefore, the true
technical scope of the present invention should be defined by
the technical spirit of the appended claims.

INDUSTRIAL APPLICABILITY

The switch relay device according to the present invention
can be variously applied to an industrial field 1n which a
variety kinds of electronic devices are installed which
requires the function of an electronic relay besides vehicles.

The mvention claimed 1is:

1. A switch relay device comprising:

a switching control unit for determining a duty value
depending on the kind of a control input signal inputted
thereto and generating a first switching control signal
and a second switching control signal whose phases are
opposite to each other;
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a switching drive signal generation unit for generating a
switching drive signal through R-C charge and dis-
charge 1n response to the first switching control signal
and the second switching control signal applied thereto
from the switching control unait;

a load output signal generation unit for receiving the
switching drive signal from the switching drive signal
generation unit and outputting a load output signal; and

a constant voltage unit connected to a battery disposed in
a vehicle to supply power to the switching drive signal
generation unit and the load output signal generation
unmit and configured to provide a constant voltage to the
switching control unit.

2. The switch relay device according to claim 1, wherein
the load output signal generation unit 1s implemented as a
first FET as a FET device, the first FET comprising a drain
for receiving a power voltage from the battery, a gate for
receiving a switching drive signal from the switching drive
signal generation unit, and a source for outputting the load
output signal to a load.

3. The switch relay device according to claim 2, wherein
the control mput signal inputted to the switching control unit
1s any one of a DC signal, a PWM signal, a high signal, and
no signal, and the switching control unit generates the first
switching control signal and the second switching control
signal whose phases are opposite to each other depending on
the mput control signal inputted thereto.

4. The switch relay device according to claim 3, wherein
the switching control unit separately generates a third
switching control signal in the form of a PWM signal, the
third switching control signal having a duty value fixed
irrespective of the control mput signal.

5. The switch relay device according to claim 3, wherein
if the switching control umt receives a DC control mput
signal, 1t generates a second switching control signal 1n the
form of PWM of a positive phase having a duty value 1n
proportional to a level value of the DC signal, and a first
switching control signal 1n the form of PWM of a negative
phase having a duty value in proportional to a level value of
the DC signal.

6. The switch relay device according to claim 3, wherein
if the switching control unit receives a PWM control 1nput
signal, 1t generates a second switching control signal in the
form of PWM of a positive phase having the same duty
value as that of the PWM signal, and a first switching control
signal 1n the form of PWM of a negative phase with respect
to the PWM signal.

7. The switch relay device according to claim 3, wherein
if the switching control unit receives a high control 1nput
signal, 1t generates a second switching control signal having
a high value of “1” and a first switching control signal
having a low value of “0”.

8. The switch relay device according to claim 3, wherein
in case of a ‘no signal’ state where no control input signal 1s
inputted to the switching control unit for a given time period,
the switching control unit performs a switching operation in
which between the constant voltage unit 400 and the switch-
ing control unit 100 1s opened to cause the operation of the
constant voltage unit to be stopped.

9. The switch relay device according to claim 4, wherein
the switching drive signal generation unit comprises:

a first charge and discharge module for receiving the
power voltage from the battery, the first charge and
discharge module being an integration circuit consist-
ing of a first resistor R1 and a first capacitor C1;

a first diode D disposed between the first charge and
discharge module and the battery;
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a first switch for switching on/ofl whether to discharge the
switching drive signal inputted to the gate of the first
FET 1n response to the first switching control signal
inputted thereto from the switching control unit;

a second switch for receiving a second switching control
signal having a phase opposite to that of the first
switching control signal from the switching control unit
and performing a switching on/ofl operation in the
opposite manner to that of the first switch in response
to the second switching control signal; and

a load output drive signal on/off module for adjusting a
time constant of the first charge and discharge module
to control the output of the first FET of the load output
signal generation umnit.

10. The switch relay device according to claim 9, wherein

the load output drive signal on/ofl module comprises:

a second FET comprising a source that 1s connected to the
source of the first FET, a gate that receives the third
switching control signal from the switching control
unit, and a drain that 1s connected to the other end of the
first charge and discharge module; and

a third FET comprising a drain that 1s connected to a node
between the other end of the first charge and discharge
module and the drain of the second FET, a gate that
receives the third switching control signal from the
switching control unit, and a source that 1s connected to
a ground.

11. The switch relay device according to claim 9, wherein

the switching drive signal generation unit further comprises:

a second charge and discharge module implemented as an
integration circuit that 1s connected at one end thereof
to a node between the first diode D1 and the first charge
and discharge module and 1s connected at the other end
thereof to the gate of the first FET, and consists of a
second resistor R2 and a second capacitor C2 that are
connected 1n parallel with each other; and

a fifth diode that 1s disposed between the node between
the first charge and discharge module and the first diode
D1 and the gate of the first FET Q1, the fifth diode
having an anode connected to the node between the first
diode and the first charge and discharge module and a
cathode connected to the second charge and discharge
module,

wherein the load output drive signal on/off module adjusts
a time constant of the second charge and discharge
module along with the adjustment of the time constant
of the first charge and discharge module to control the
output of the first FET of the load output signal
generation unit.

12. The switch relay device according to claim 2, further

comprising;

an overcurrent monitoring module for monitoring a volt-
age to be applied to the switching control unit, and
detecting whether or not an overcurrent exceeding a
predetermined range tflows into the switching control
unit;

a surrounding state monitoring module for monitoring the
supply voltage of the battery, the surrounding tempera-
ture, and the control iput signal; and

an input and output monitoring module for momtoring
whether a difference between the control mput signal
and the load output signal 1s within a normal range.

13. The switch relay device according to claim 12,

65 wherein the overcurrent monitoring module comprises:

a shunt resistor disposed between the drain as an input
terminal of the first FET and the battery;
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a current detector for detecting a current flowing in the

shunt resistor; and

a low pass filter for filtering the current detected by the

current detector and providing the filtered current to the
switching control unit.

14. The switch relay device according to claim 13,
wherein the current detector compensates a value of the
current detected by the shunt resistor using the measured
surrounding temperature.

15. The switch relay device according to claim 13,
wherein the low pass filter comprises:

a first low pass filter having a predetermined maximum

current value as a first filtering reference value; and

a second low pass filter having a predetermined overcur-

rent value as a second filtering reference value.

16. The switch relay device according to claim 15,
wherein if a value of the current detected by the current
detector 1s a current value exceeding the first filtering
reference value and the second filtering reference value, the
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switching control umt generates the first switching control 20

signal and the second switching control signal as error pulse
signals to output them.
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